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The astronomer’s periodic table
2 atoms 3 atoms 4 atoms 5 atoms 6 atoms 7 atoms 8 atoms 9 atoms 10 atoms 11 atoms 12 atoms > 12 atoms
H2 C3 c-C3H C5 C5H C6H CH3C3N CH3C4H CH3C5N HC9N C6H6 HC11N
AlF C2H l-C3H C4H l-H2C4 CH2CHCN HCOOCH3 CH3CH2CN (CH3)2CO CH3C6H C2H5OCH3 
(?)
C60
AlCl C2O C3N C4Si C2H4 CH3C2H CH3COOH (CH3)2O (CH2OH)2 C2H5OCHO C3H7CN C70
C2 C2S C3O l-C3H2 CH3CN HC5N C7H CH3CH2OH H2NCH2COOH (?) CH3COOCH3 C60+
CH CH2 C3S c-C3H2 CH3NC CH3CHO H2C6 HC7N CH3CH2CHO CH3COOCHH4
CH+ HCN C2H2 CH2CN CH3OH CH3NH2 CH2OHCHO C8H
CN HCO NH3 CH4 CH3SH c-C2H4O l-HC6H (?) CH3CONH2
CO HCO+ HCCN HC3N HC3NH+ H2CCHOH CH2CHCHO 
(?)
C8H-
CO+ HCS+ HNCH+ HC2NC HC2CHO C6H- CH2CCHCN CH2CHCH3
CP HOC+ HNCO HCOOH NH2CHO NH2CH2CN CH3CH2SH
SiC H2O HNCS H2CNH C5N CH3CHNH
HCl H2S HOCO+ H2C2O l-HC4H (NH2)2CO
KCl HNC H2CO H2NCN l-HC4N
NH HNO H2CN HNC3 c-H2C3O
NO MgCN H2CS SiH4 H2CCNH
NS MgNC H3O+ H2COH+ C5N-
NaCl N2H+ c-SiC3 C4H- HNCHCN
OH N2O CH3 CNCHO
PN NaCN C3N- HNCNH
SO OCS PH3 (?) CH3O
SO+ SO2 HCNO NH3D+




















Molecules in space (06/2014)
2 atoms 3 atoms 4 atoms 5 atoms 6 atoms 7 atoms 8 atoms 9 atoms 10 atoms 11 atoms 12 atoms > 12 atoms
H2 C3 c-C3H C5 C5H C6H CH3C3N CH3C4H CH3C5N HC9N C6H6 HC11N
AlF C2H l-C3H C4H l-H2C4 CH2CHCN HCOOCH3 CH3CH2CN (CH3)2CO CH3C6H C2H5OCH3 
(?)
C60
AlCl C2O C3N C4Si C2H4 CH3C2H CH3COOH (CH3)2O (CH2OH)2 C2H5OCHO C3H7CN C70
C2 C2S C3O l-C3H2 CH3CN HC5N C7H CH3CH2OH H2NCH2COOH (?) CH3COOCH3 C60+
CH CH2 C3S c-C3H2 CH3NC CH3CHO H2C6 HC7N CH3CH2CHO CH3COOCHH4
CH+ HCN C2H2 CH2CN CH3OH CH3NH2 CH2OHCHO C8H
CN HCO NH3 CH4 CH3SH c-C2H4O l-HC6H (?) CH3CONH2
CO HCO+ HCCN HC3N HC3NH+ H2CCHOH CH2CHCHO 
(?)
C8H-
CO+ HCS+ HNCH+ HC2NC HC2CHO C6H- CH2CCHCN CH2CHCH3
CP HOC+ HNCO HCOOH NH2CHO NH2CH2CN CH3CH2SH
SiC H2O HNCS H2CNH C5N CH3CHNH
HCl H2S HOCO+ H2C2O l-HC4H (NH2)2CO
KCl HNC H2CO H2NCN l-HC4N
NH HNO H2CN HNC3 c-H2C3O
NO MgCN H2CS SiH4 H2CCNH
NS MgNC H3O+ H2COH+ C5N-
NaCl N2H+ c-SiC3 C4H- HNCHCN
OH N2O CH3 CNCHO
PN NaCN C3N- HNCNH
SO OCS PH3 (?) CH3O
SO+ SO2 HCNO NH3D+

































Thorwirth et al. 2008

































characterized quite recently - FTMW / MMW
New Si/S/P-molecules




















characterized quite recently - FTMW / MMW
C C N SiH
1.0606 1.2120 1.3065 1.5659 Å
N C N Si
1.5638 Å1.30541.1655
1.0605 1.2117 1.3049 1.5663 Å




Adande et al. 2010
SgrB2(N)
HEXOS/Herschel/HIFI
Neill et al. 2014
Previous Investigations of HNSiO
 
Previous Investigations of HPCO
A few calculations available in the literature
One exp. study: HPCO in Ar matrix
A few calculations available in the literature
Mielke and Andrews
CPL 181, 355 (1991)
[H,P,C,O] PES
[H,N,Si,O] PES
P. Raghunath et al., J. Phys. Chem. A 2003, 107, 11497
FTMW
Spectrometer
5 to 42 GHz 
Discharge of appropriate mixtures
SiH4/PH3 plus X highly diluted in 
Ne
Present Investigation
FTMW studies of HNSiO and HPCO
HNSiO, v=0, J = 1→0 to J = 2→ 1 up to 27 GHz, Ka = 0
Three isotopic species
HPCO, v=0, J = 1→0 to J = to 3 → 2 up to 33 GHz, Ka = 0
Two isotopic species
Structures: CCSD(T)/cc-pwCVQZ









μa = 2.10 D, μb = 1.44 D
A0 = 754052.6 MHz χaa = +1.99 MHz
B0 = 6721.5 MHz χbb = -0.22 MHz








μa = 0.45 D, μb = 0.51 D
A0 = 255645.0 MHz Caa = 0.123 MHz
B0 = 5558.9 MHz Cbb = 0.006 MHz
C0 = 5434.4 MHz Ccc = 0.005 MHz
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HP13CO
HNSiO, J = 10,1-00,0



















































F = 2-1HN29SiOF = 0-1


















calc / MHz exp / MHz calc / MHz exp / MHz
A0 754052.6 f 25564.5 f
B0 6721.5 6720.3049(2) 5558.0 5560.9(7)
C0 6650.5 6649.2807 f 5434.4 5433.6(7)
DJ × 103 1.54 f 1.35 f
DJK -0.218 f 0.170 f
DK 5140.0 f 15.0 f
d1 × 106 -35.7 f -29.1 f
d2 × 106 -3.0 f -5.2 f
χaa +1.99 1.974(3) … …
χbb -0.2 f … …
Caa … … 0.123 f
(Cbb+Ccc) / 2 … … 0.006 0.004(2)
Conclusions
FTMW detection of two new heavy variants of HNCO
HNSiO and HPCO
cm-wave crucial in initial gas-phase characterization 
and providing high-accuracy predictions for follow-up studies
High-level ab initio structures and force fields
in very good agreement with experiment
To do: structural isomers of HNSiO and HPCO
HNCO, HOCN, HCNO, HONC,
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Thank you!
